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Counter track joint 

Description 

* 

The invention relates to a constant velocity universal ball 
.joint consisting of an outer joint part with outer ball 
tracks , 

an inner joint part with inner ball tracks, 

torque transmitting balls guided in pairs of tracks formed of 
one outer ball track and one inner ball track, 

an annular ball cage held between the outer joint part and 
the inner joint part and having circumf erent ially distributed 
cage windows each receiving one of the balls, 

the ball cage forms an inner face which is internally widened 
between two end apertures of the ball cage, 

the inner joint part comprises a greatest outer diameter which 
is greater than each of the inner diameters of the end aper- 
tures of the ball cage. 

With joints of this type, the outer diameter of the inner 
joint part (ball hub) is greater than the end apertures of the 
annular ball cage, between which end apertures there extends 
the widened inner face. The inner face of the ball cage, in 
this case, is in contact via annular faces with the outer face 
of the inner joint part, which outer face is formed of indi- 
vidual webs. To be able to insert the inner joint part into 
the ball cage under these conditions, it is possible to pro- 
vide the ball cage with notches at the end aperture of the 
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cage through which the inner joint part with the webs is co- 
axially introduced into the ball cage in a rotational posi- 
tion which is functionally incorrect, whereupon the inner 
joint part and the ball cage are rotated relative to one an- 
other by half the dimension of the window pitch into a func- 
tionally accurate position. The length of the webs can be 
greater than the circumferential extension of the cage win- 
dows. As a result of this design, the strength of the ball 
cage is reduced. 

In the case of other joints it is possible for the inner joint 
part to be inserted into the ball cage through an end aperture 
of same, with intersecting axes, in such a way that one of the 
webs of the inner joint part engages one of the cage windows 
from the inside, and the radially opposite web of the inner 
joint part can subsequently be introduced through the same end 
aperture into the cage interior. After the inner joint part 
has reached its central position in the ball cage, the parts 
are rotated relative to one another in such a way that their 
axes coincide. This presupposes that the axial extension of at 
least one of the webs is shorter than the circumferential ex- 
tension of the cage windows. Said limitation of the web length 
restricts the ball guidance in the inner joint part. 

With reference to constant velocity fixed ball joints wherein 
the length of the webs at the inner joint part exceeds the 
circumferential extension of the cage windows, i.e. in par- 
ticular with joints with a large number of balls, it is the 
object of the invention to provide a design which avoids a 
loss of strength at the cage. 

The objective is achieved by combining the following charac- 
teristics: 
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adjoining inner ball tracks of the inner joint part form webs 
whose axial length is greater than the circumferential exten- 
sion of the cage windows of the ball cage, 

the ball cage can be elastically ovalised to the extent that, 
when the axes of the ball cage and of the inner joint part in- 
tersect one another approximately perpendicularly upon contact 
between a web of the inner joint part and the inner face of 
the ball cage, the opposed web of the inner joint part is able 
to pass through an end aperture. 

The means described here allow the provision of joints which, 
due to relatively small, circular end apertures of identical 
size at the ball cage, do not suffer from any adverse effects 
on the cage strength and wherein, in addition, due to the un- 
reduced length of the webs, ball guidance and the transmission 
of torque are ensured, even at large articulation angles. 

According to a further embodiment it is proposed that the 
ball cage can be elastically ovalised to the extent that, 
when the axes of the ball cage and of the inner joint part in- 
tersect one another approximately perpendicularly, the inner 
joint part is able, via the smallest side projection, to pass 
through an end aperture of the ball cage. 

According to yet a further embodiment it is proposed that the 
ball cage can be elastically ovalised to such an extent that, 
when the axes of the ball cage and of the inner joint part in- 
tersect one another approximately perpendicularly, the inner 
joint part is able, via the greatest diameter, to pass through 
the end aperture of the ball cage. 

Both the above-mentioned embodiments require a greater defor- 
mation of the ball cage, but permit more freedom in respect of 
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assembly sequences, which can be advantageous as far as auto- 
mation is concerned. 

According to a special embodiment it is proposed that a longi- 
tudinally extending deepened groove as been worked into the 
track base of at least one inner ball track of the inner joint 
part. Furthermore, it is proposed that a centrally circumfe- 
rentially extending deepened groove has been worked into the 
inner face of the ball cage. Furthermore, it is conceivable 
that, at least in a widened end portion of an inner ball track 
of the inner joint part, there has been worked in a notch 
which extends centrally relative to the longitudinal extension 
of the track. With the help of said measures the extent of 
ovalisation of the ball cage required for mounting the cage 
can be reduced in that there is achieved a deeper engagement 
between the inner edge of the end aperture of the cage and the 
inner ball track of the inner joint part. 

The solution in accordance with the invention is particularly 
suitable for joints with counter tracks wherein pairs of 
tracks of first outer ball tracks and of first inner ball 
tracks open in a first axial direction and wherein pairs of 
tracks of second outer ball track and of second inner ball 
tracks open in the second opposed axial direction. These 
joints will primarily be fixed joints wherein inner annular 
faces of the inner face of the ball cage are in a centring 
contact with outer faces of the inner joint part. 

Preferred embodiments of the invention are illustrated in the 
Figures and will be described below in greater detail with 
reference to the drawings wherein 
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Figure 1 is a longitudinal section through an inventive joint 
in an assembled condition- 
Figure 2 shows the ball cage on its own 

a) in a cross-section 

b) in a longitudinal section 

Figure 3 shows the inner joint part on its own 

a) in an axial view 

b) in a longitudinal section 

Figure 4 shows the assembly stages of the ball cage and inner 
joint part 

a) an axial view of the ovalised ball cage 

b) an axial view of the inner joint part and a longitudi- 
nal section of the ball cage, in a first assembly sta- 
ge 

c) an axial view of the inner joint part and a longitudi- 
nal section of the ball cage, in a second assembly 
stage 

d) an axial view of the inner joint part and a longitudi- 
nal section through the ball cage, in a third assembly 
stage 

e) an axial view of the inner joint part and a longitudi- 
nal section through the ball cage, in a fourth assem- 
bly stage 

f) an axial view of the inner joint part and a longitudi- 
nal section through the ball cage, in a fifth assembly 
stage . 

Figure 5 Assembly stages of the ball cage and inner joint 
part : 
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a) an axial view of the inner joint part and a longitudi- 
nal section through the ball cage, in a first assembly 
stage 

b) an axial view of the inner joint part and a longitudi- 
nal section of the ball cage, in a second assembly- 
stage 

c) an axial view of the inner joint part and a longitudi- 
nal section through the ball cage, in a third assembly 
stage. 

Figure 6 For the assembly condition: smallest side projection: 

an axial view of the inner joint part and a longitu- 
dinal section through the ball cage, in the charac- 
teristic assembly condition. 

Figure 7 For the most unfavourable assembly condition regard- 
ing the assembly of the ball cage and inner joint part: 

a) an axial view of the ovalised ball cage 

b) an axial view of the inner joint part and a longitudi- 
nal section through the ball cage in the characteris- 
tic assembly stage. 

Figure 1 is a longitudinal section through a constant velocity 
fixed ball joint of the type of a counter track joint; it 
shows an outer joint part 11, an inner joint part 12, balls 13 
and a ball cage 17 in the form of different individual compo- 
nents. In the upper half of the Figure there is shown a pair 
of tracks consisting of a first outer ball track 15i in the ou- 
ter joint part and a first inner ball track 16i in the inner 
joint part which forms an opening angle which opens towards 
the right. In the lower half of the Figure it is possible to 
see a pair of tracks consisting of a second outer ball track 
152 in the outer joint part and a second inner ball track 16 2 
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in the inner joint part which forms an opening angle which 
opens towards the left. A joint with this kind of ball track 
formation is called a counter track joint. The two types of 
pairs of tracks - if viewed across the circumference - nor- 
mally alternate with one another, i.e. as a rule, such joints 
are provided with an even number of balls. The balls 13 are 
received by cage windows 18 in the ball cage 17 which holds 
all the balls in such a way that their centres are located in 
a common plane. The inner ball tracks 16 comprise widening end 
portions 19, 20 which cannot have ball guiding functions. Fur- 
ther details will be explained with reference to the following 
Figures 2 and 3. 

Figure 2 shows the ball cage 17 in the form of a detail which 
comprises a total number of ten circumf erentially distributed 
cage windows 18. The annular ball cage comprises two end aper- 
tures 21, 22 with a diameter di . Between said end apertures, 
there extends a widened inner face 23 which comes into a cen- 
tring contact with outer faces of the inner joint part. In the 
inner face 23 there is provided a deepened circumferential 
groove 24 which extends in portions between the cage windows 
18. 

Figure 3 shows an inner joint part 2 in the form of a detail 
comprising first inner ball grooves 16 ± and second inner ball 
grooves 16 2 which extend in opposite directions relative to one 
another and which widen in opposite axial directions. The re- 
spective widening end portions 19, 20 can also be seen. It can 
be seen that one of the end faces is provided with a recess 25 
which is not related to the subject of the invention and whose 
purpose it is to permit a securing ring to be inserted into an 
inner groove 26. Each two adjoining inner ball grooves 16i, 
16 2 , together, form a web 27 whose axial extension x, which 
substantially corresponds to the axial length of the inner 
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joint part 12, is greater than the circumferential extension y 
of the cage window 18 in the ball cage according to Figure 2. 
Webs positioned opposite one another, together, form a great- 
est outer diameter d 2 of the inner joint part. Inner ball 
grooves 16 lf 16 2 positioned opposite one another, by means of 
their delimiting edges, define the smallest side projection 
with an outer diameter d 5 . The webs form part of an outer sur- 
face 28 of which partial regions come into stop contact with 
the inner face 23 of the ball cage 17, which stop contact de- 
limits the axial path, or into a centring guiding contact the- 
rewith . 

Figure 4a shows the ball cage 17 in an elastically ovalised 
condition permitting the assembly of the inner joint part 
which can be ovalised up to a maximum extent such that there 
remains a permanent deformation of 2% after the load has been 
removed. The maximum dimension d 3 of the end apertures 21, 22 
has been increased relative to the starting diameter d x and the 
minimum dimension d 4 of the end apertures 21, 22 has been de- 
creased relative to the starting diameter. 

Figure 4b shows the ball cage 17 (shown in section) in a posi- 
tion which corresponds to the illustration of Figure 4a, so 
that the maximum dimension d3 is shown in the sectional plane. 
The embodiment of the ball cage 17 2 shown here deviates from 
the cage 17 in Figure 2 in that it does not comprise an inner 
circumferential groove. An inner joint part 12 whose axis is 
positioned perpendicularly on the drawing plane is shown in a 
plan view in a position in which it has been partly inserted 
through the end aperture 21 into the interior of the ball cage 
17 2 whose axis is shown to be positioned in the drawing plane. 
In the region of the maximum dimension d 3 , the circumferential 
edge of the end aperture 21 engages one of the first inner 
ball tracks 16i of the inner joint part 12 . A web 27 adjoining 
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same, by means of its edge, contacts the inner face 23 of the 
ball cage 17 2 . 

In Figures 4c to 4f, the illustration of the ball cage 17 2 re- 
mains unchanged; they show a progressive rolling movement of 
the inner joint part 12 along said edge of the web 27i, with a 
web 27 2 positioned radially opposite web 27i, at an imaginary 
point in time between the movement phases according to Figures 
4e and 4f, passing with a close play through the first end ap- 
erture 21 of the ball cage 17 2 . This can be achieved only by 
increasing the maximum dimension d 3 relative to the starting 
diameter d x which would not permit such a passage. 

Figure 5 shows a ball cage 17 (b, c) which is modified in some 
illustrations, and an inner joint part 12 (a, c) which is mo- 
dified in some illustrations; they are both shown in three 
stages of being assembled relative to one another, which ap- 
proximately correspond to the illustrations according to Fig- 
ure 4b (5a) and 4e (5b and 5c) . 

In Figure 5a, the cage 17 2 fully corresponds to that shown in 
Figure 4. The inner joint part 12 3 , on the other hand, com- 
prises deepened grooves 29 in the inner ball tracks 16 which 
longitudinally extend along the track base and which, while 
the inner joint part 12 3 is being inserted into the ball cage 
17 2 , can be engaged by the inner edge of the end aperture 21, 
so that the extent of ovalisation of the ball cage 17 2 can be 
reduced. 

In Figure 5b, the ball cage 17 3 with an inner circumferential 
groove 24 is shown so as to correspond approximately to the 
illustration of Figure 2, whereas the inner joint part 12 2 cor- 
responds to the embodiment and illustration of Figure 3. In 



±Q O 7 O S «. O d J>Ih€i S 

14 

the course of the stage during which the second web 27 2 passes 
through the end aperture 21, the edge of the web 27i engages 
portions of the circumferential groove 24 in the inner face 
23, so that the extent of ovalisation of the ball cage 17 3 can 
be reduced for this assembly stage. 

Figure 5c shows the ball cage 17 3 in the embodiment as shown in 
the previous Figure 5b, whereas the inner joint part 12 3 is 
shown in the embodiment according to Figure 5a. In this case, 
too, while the second web 27 2 passes through the end aperture 
21, one edge of the first web 27i enters the circumferential 
groovy 24, as in Figure 5b. 

Figure 6, similarly to Figure 5, shows a greatly ovalised ball 
cage 17 3 and an inner joint part 12 3 which is ovalised in such 
a way that the aperture dimension d 3 is greater than/equal to 
the diameter d 5 of the smallest side projection of the inner 
joint part. Two webs 21 1, 27 3 which adjoin two opposed tracks 
16i, 16 2 are in the process of passing through the aperture 21 
of the ball cage 17 3 . 

Figure 7a shows a greatly ovalised ball cage 17 2 which is si- 
milar to that shown in Figure 4a and whose maximum dimension d 3 
is greater than the inner diameter di and whose minimum 
dimension d 4 of the end aperture 21 is smaller than the unde- 
formed inner diameter di . 

It can be seen in Figure 7b that the cage is ovalised to such 
an extent that the diameter di of the inner joint part 12 2 is 
smaller than/equal to the aperture dimension d 3 , so that the 
inner joint part can be slid via the opposed webs 27 x , 27 2 
through the end aperture 21 into the cage 17 2 . 
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As soon as, according to Figures 6 and 7, the webs 21 lf 27 2 are 
positioned completely inside the ball cage 17, i.e. approxi- 
mately in the plane of the windows 18 , the two parts 12, 17 
are pivoted relative to one another by 90° in such a way that 
their axes coincide. In this position, the outer face 28 of 
the inner joint part comes into a guiding and axially fixing 
contact with the inner face 23 of the ball cage. Thereafter, 
the parts are rotated relative to one another in such a way 
that the inner ball tracks 16 become radially associated with 
the cage windows 18. The remaining ball and joint assembly 
procedures take place in accordance with the state of the art. 
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Counter track joint 
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